Die Discussion Papers dienen einer möglichst schnellen Verbreitung von neueren Forschungsarbeiten des ZEW. Die Beiträge liegen in alleiniger Verantwortung der Autoren und stellen nicht notwendigerweise die Meinung des ZEW dar.
Introduction
Today, the overwhelming majority of economists and politicians is convinced that an outwardlooking export-oriented policy positively affects a country's welfare -for example by increasing GDP growth rate or improving productivity. Aggregate cross-country data sets have been used in the past to explore the relationship between trade and macroeconomic indicators. 1 More recently, however, a growing literature investigates at the microeconomic (read: firm) level how international trade is related to various measures of firm performance. If there are positive effects of trade on macroeconomic indicators, they should be reflected by microeconomic data such as improved firm performance.
International engagement may be especially important for small technology-oriented firms, since export activities are often regarded as one way to amortise these firms' high product research and development costs. 2 If international business activities really increase the performance of young high-tech firms, internationalisation will help firms fulfil the hopes often placed upon them with respect to structural change, innovation, and job creation. In order to investigate the relationship between export behaviour and firm performance, a joint research team of the London Business School and the Centre for European Economic Research (ZEW) contacted a stratified random sample of German and UK technology-based firms founded between 1987 and 1996 via a written questionnaire (see Bürgel et al. 2004) . It turned out that about two-thirds of the 600 responding firms had international business activities at the time of the survey 1997/1998, which is already an impressive number. Furthermore, the researchers found out that internationalisation did indeed improve the firms' labour productivity and increased their annualised sales growth rates between the firms' start-up and 1997, but did not affect employment growth.
However, these results contradict many other studies examining the causal relationship between exports and firm performance. All of these studies confirmed the stylised facts that exporters are larger, more productive, and exhibit higher growth rates, but most including those by Clerides et al. (1998) , Bernard and Wagner (1997) , and Bernard and Jensen (1999) , found a reverse causality, i.e., the superior performance of internationally active firms is a result of self-selection of "good" firms into the international market. Conversely, there is little evidence that internationalisation has a causal effect on firm performance.
One can quite reasonably assume that young high-tech firms behave differently from the firms studied by the papers cited above. Firstly, most other studies examine mature firms, in contrast to the sample of newly founded firms that were observed by Bürgel et al. (2004) . Secondly, there may be structural differences in firms operating in high-technology sectors, as analysed by Bürgel et al., compared with firms in low-tech sectors. For example, technology-oriented firms might improve their labour productivity because they can better profit form learning effects by exporting (see the "learning by exporting" hypothesis in the next section) than low-tech firms.
In order to find out whether the observed causal effects remain valid as high-tech firms age because the causalities are a result of structural differences particular to them, or whether the positive effects are restricted to the start-up period, this paper re-examines the relationship between export behaviour and firm performance. For this, data from a second survey conducted in summer 2003 by the ZEW and the University of Exeter are used. All surviving firms from the original sample, which are now 12 years old on average, were contacted again. In order to ascertain a high response rate, a computer-assisted telephone interview (CATI) was used. A response rate of 55 % was obtained, and, after performing several consistency checks, 217 companies were retained for the analyses.
Estimating a labour productivity model and a growth model (for employment and sales growth) that both consider a possible simultaneity between the status of internationalisation and the respective measure of firm performance, the results are quite clear-cut: Good firms are or will become exporters. Both the productivity-enhancing effect of internationalisation and the (sales) growthincreasing effect are restricted to early stages of high-tech firms' development in Germany and the UK and do not appear when the firms are analysed during later stages of their life cycles. As in most other studies, firms exhibiting superior performance are or will become exporters. This paper proceeds as follows: Section 2 reviews theoretical arguments and empirical studies that deal with the relationship between performance and internationalisation. Section 3 describes the data set, and section 4 derives the models the econometric analysis is based on. The econometric methodology is explained in section 5. Section 6 contains the descriptive analyses. The econometric results are discussed in section 7, and section 8 concludes.
Performance and Internationalisation
Depending on the performance indicator regarded, different theoretical arguments have been derived on how firm performance and international business activities might be related. The direction of causality, however, is not clear a priori: On the one hand, exporting might improve firm performance, and on the other, firms with superior performance might become exporters. In the following, I will summarize arguments that relate internationalisation and the two performance indicators analysed in this paper: productivity and growth. In related literature, the relationship between survival and internationalisation is also discussed (see, e.g., Sapienza et al. [2003] for theoretical arguments and Yli-Renko et al. [2004] or Bernard and Jensen [1999] for empirical results). Since the econometric analysis of this paper is based on survey data and only the representatives of still living firms have been contacted, the influence of being an exporter on the probability of survival cannot be examined empirically. I will neglect the latter relationship hereafter. It should be emphasized that productivity, growth, and survival are neither exclusive nor independent from one another. At least in the long run, these three performance indicators can be expected to be positively correlated. For example, growing firms might profit from economies of scale so that a given number of employees can produce more output, which, taking the product price as given, results in higher sales per employee -our measure of labour productivity.
Similarly, economic theory predicts that in any industry, the least productive firms exit from the market first, thus showing a smaller survival probability. 3 One of the most frequently heard arguments on how productivity and internationalisation might be related is the "learning by exporting" hypothesis. Exporting firms are supposed to learn from internationally leading customers, suppliers, or competitors with respect to best practice technology or even product designs (see, e.g., Evenson and Westphal 1995) . Thus, exporters may profit from technological or knowledge spillovers. In other words, the productivity-increasing effect of international sales results from knowledge and expertise on the foreign market that non-exporters do not have (Aw et al. 2000) .
Another argument is mainly associated with McKinsey (1993) . Firms that have international sales are assumed to be exposed to greater competition than firms with only domestic sales. They are forced to exploit their resources more efficiently, reduce costs and increase their productivity in order to remain exporters. However, one might object that in open economies like Germany or the UK, domestic firms also face the competition from foreign companies because of imports to the domestic market ("imported" competition; see Bernard and Wagner 1997) . 4 Labour productivity, however, is not necessarily the main interest of policy makers, employees, investors, or owners. The two former groups are primarily concerned with the employmentgenerating effect of internationalisation, whereas investors and owners focus on sales or a firm's market value. Since the foreign market could be regarded as an expansion of the domestic market, firms can realise economies of scale and an ensuing increase in sales and employment by carrying out international business activities. This mechanism is known in related literature as export-led growth (see Feder 1982) . Moreover, international sales can compensate for variations in domestic demand (Bernard and Wagner 1997) so that firm's growth processes are less dependent on the domestic market.
The argument of export-led growth seems to be especially important for young technologyoriented firms. These firms often produce highly specialised products or services (niche strategy) in limited domestic markets, making international business activities the only way to ensure longterm company growth. Moreover, young high-tech firms are often faced with high costs of research and development. If exports lead to higher growth rates, this can facilitate the amortisation of high product R&D costs (Bürgel et al. 2004 ).
International engagement is associated with significant entry costs, such as marketing campaign expenses or the costs of setting up foreign sales channels, which may be regarded as sunk costs.
Small and less productive firms might not be able to bear these costs of foreign market entry. Therefore, we should observe that only firms that have achieved a certain size or a certain level of labour productivity enter the international market. This leads us to anticipate a self-selection of firms with superior performance into the international market. This argument describes the reverse causation: Firms with "good" performance become exporters (cf., e.g., Bernard and Wagner 1997 or Bernard and Jensen 1999) .
Based on the Ricardian theory of comparative advantage, Bernard et al. (2000) derived a theoretical trade model that traces back the self-selection of firms with higher productivity into the export market to firm-specific differences in efficiency. 5 International business activities constitute a 4 In fact, the latter argument is often stated by the literature concerning development economics. In developing countries, firms are often confronted with barriers to entry into the domestic market, implying less fierce competition (see Aw and Hwang 1995 for further details).
5 Firm efficiency is defined as the inverse number of input bundles necessary to produce one unit of output. Thus, a firm is more efficient when it needs fewer input bundles to produce one unit of output. In contrast, productivity is higher "efficiency hurdle" (Bernard et al. 2000, p. 15) than domestic sales. 6 Thus, firms with higher efficiency are more likely both to export and to have higher measured productivity, which corresponds to the usually observed stylised fact that exporting firms are more productive on average. The model is also able to explain the stylised fact that firms with international business activities tend to be larger: more efficient firms are not only more likely to export, they are also more likely to charge lower prices, which, in the case of an elastic demand, will lead to higher sales (see Bernard et al. 2000, p. 16 , for more details).
The amount of empirical literature examining the relationship between firm performance and internationalisation has grown considerably in recent years. Clerides et al. (1998) nario, i.e., the positive relationship between status of internationalisation and labour productivity is a result of a self-selection of more productive plants into foreign markets. Bernard and Jensen (1999) and Bernard and Wagner (1997) produced similar results when analysing panel data of US and German manufacturing firms respectively. Most importantly, both studies confirmed that firms with superior performance self-select into the international market. Bernard and Jensen found that exporting firms benefit from their international engagement, enjoying higher employment growth rates after foreign market entry and a higher probability of survival compared with non-exporting firms. However, the study of Bernard and Wagner revealed that the higher survival rates of exporting German firms can be explained by their superior performance characteristics before foreign market entry.
defined as the value of output (i.e., sales) per bundle of input, or per an input factor like number of employees. Under perfect competition, measured productivity is equal to the price of the input bundle regardless of a firm's relative efficiency. Under imperfect competition, productivity is the price of the input bundle times a firm-specific markup. Bernard et al. (2000) prove that, in their model, more efficient firms charge, on average, a higher markup. Therefore, differences in productivity reflect differences both in efficiency and in a firm's monopoly power.
Using the same data set as Bernard and Wagner (1997) , Wagner (2002) introduced the application of matching techniques in order to re-examine the export-performance relationship. In contrast to the earlier results, he then obtained significantly positive effects that starting to export has on employment growth and wages, but no statistically significant causal effect on labour productivity.
Also using a matching approach, De Loecker (2004) proved that exports generate higher total factor productivity of Slovenian manufacturing firms. Analysing a panel data set of UK firms, Girma et al. (2002) applied matching techniques and found a feedback relationship between the firms' export activities and productivity (labour productivity as well as total factor productivity):
Highly productive firms become exporters, but exporting also increases productivity. Apparently, using matching techniques leads to results that are more in favour of a causal effect of international business activities on firm performance. However, the results are still mixed. Arnold and Hussinger (2004) start-up until 1997, using data from the first survey. They found that an international engagement improves labour productivity and increases sales growth rate, but does not affect employment growth rate. The foreign market may be particularly important for young, small, technologyoriented firms, especially for those operating in a narrow market niche. Similarly, productivityincreasing learning effects might be more relevant for newly founded firms than for mature firms investigated by the papers quoted above (compare the theoretical models of "active" and "passive" learning developed by Ericson and Pakes [1995] and Jovanovic [1982] , respectively). Moreover, young high-tech firms can be expected to be able to absorb the information gained on the international market and transform this information into increased productivity. Hence, there are arguments as to why there might be structural peculiarities of the firms in our sample that lead to causal effects of exporting on firm performance contradictory to most of the other studies cited above, especially with respect to labour productivity. This paper addresses the question of whether these causal relationships remain valid as firms age and reach a more "mature" stage of their life cycles or whether the positive role of exports is restricted to high-tech firms' start-up periods.
The Data
This paper examines the relationship between internationalisation and performance of technologyoriented firms in Germany and the UK. Technology-oriented firms are identified using the definition of high-technology manufacturing sectors in the UK established by Butchart (1987) . He provides a definition based on, firstly, the ratio of R&D expenditures to sales and, secondly, the share of employees working in R&D. A sector is defined as "high-tech" if it is characterised by a "substantially above-average" value in at least one of the two criteria and an "above-average" value in the other. Using this definition, Butchart identified nineteen UK 1987 SIC codes, which were translated into the NACE Rev. 1 code and are listed in detail in Table 7 of this paper's appendix. Table 7 defines four aggregated manufacturing sectors and augments Butchart's list with a number of selected service sectors (cf. Bürgel et al. 2004 ).
The data for this paper's empirical analysis result from two surveys simultaneously carried out in
Germany and the UK. The source data set originates from Dun & Bradstreet in the UK and Creditreform 7 in Germany. Using these databases, all firms with at least three employees in 1997 that were operating in one or more high-tech sectors as defined by Butchart (1987) and having been founded as legally independent companies 8 between 1987 and 1996 were selected. This resulted in a population of 3,562 firms from the UK and 5,045 from Germany. The sample composition of the 1997 population is given in Table 8 In order to determine the development and status of internationalisation of this sample of 600
NTBFs, a joint research team from the University of Exeter and the ZEW prepared a new survey in which all previously responding firms were to be contacted a second time. In 2003, the companies from the original sample were on average of 12 years old. Thus, some of them were no longer definable as new technology-based firms. 10 Considering this notion, we shifted our interest from analysing newly founded firms to a more longitudinal perspective of firm development.
To determine the target sample of the second survey, at first all formerly responding firms that turned out to be mismatches (e.g., non-high-tech firms, non-independent foundations) were excluded. We then eliminated each German firm labelled in the database of Creditreform as "dead"
(due to bankruptcy as well as voluntary firm closure) at the beginning of 2003. 11 In the UK, firms that could be identified as dead by the researchers themselves were also excluded from the target sample. 12 As a result, we produced and subsequently contacted a final target sample of 188 German and 250 UK-based formerly responding firms.
The second survey was conducted in 2003 via computer-aided telephone interviews (CATI). The research team decided on a telephone survey because, due to the limited number of formerly responding firms in the target sample, the assurance of a relatively high response rate and thereby a sufficiently high number of observations was necessary to obtaining reliable econometric results.
Fortunately, in both the UK and Germany, the response rate exceeded 50 %, giving us a pool of 244 completed interviews. After performing several consistency checks, 217 companies were retained in the data set for econometric analyses.
The Model Productivity Equation
It is assumed that firm i produces according to a Cobb-Douglas production technology. Output Y i is a function of the production factors physical capital (K i ), R&D employees (R i ), and non-R&D employees (L i ): 13
The scalar A is a parameter of production efficiency that shifts the isoquants of the Cobb-Douglas production function in parallel to the origin. The exponents α, β, and γ denote the partial production elasticities of output with respect to capital, R&D, and labour, respectively, and u is a normally distributed error term. Taking logarithms and subtracting labour from both sides results in an equation for labour productivity, i.e., output per non-R&D employee:
The sum of production elasticities µ = α + β + γ will be unity if the production function has constant returns to scale. Thus, the coefficient of the logarithm of labour (µ − 1) measures departure from constant returns so that equation (2) given by the firms is therefore halved to produce an estimate of R&D employment that will be used in the econometric model. 15 The most severe specification problem lies in finding an approximation of firm-specific stocks of physical capital. It is generally not possible to collect information on capital stock by survey, especially not when carrying out telephone interviews. A panel data set containing information on investment in physical capital over a longer time period -a decade for instance -would allow calculation of capital stock using the perpetual inventory method. 16 Unfortunately, we only have information on investment in physical capital for the year preceding the second survey, i.e., 
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where E is either number of employees or the respective firm's (discounted) sales, t 1 is 1997 and t 2 is 2002. The growth equation is specified as a simple heuristic equation
where X i is a vector of independent variables and u i is a normal distributed error term. In keeping with related literature on firm growth, a set of exogenous variables is identified that is intended to affect the firms' growth rates.
Based on Gibrat's Law (Gibrat 1931) , there are numerous theoretical and empirical studies that examine the relationship between firm size and growth. Whereas Gibrat's Law postulates that growth is independent of firm size (Simon and Bonini 1958, Lucas 1978) , empirical studies have proved that at least for young and small firms like those in our sample, (employment) growth decreases with firm size (see Sutton 1997 for a survey). The main theoretical argument as to why growth and size are negatively correlated is as follows 20 : Firms are often founded with a subfor Western German firms is not significant in the productivity equation. An obvious explanation for this is that Western German firms are better equipped with firm-specific resources than UK-based firms. Therefore, a dummy variable for West Germany was not added in the final econometric specification.
optimal size, i.e., smaller then the minimum efficient scale (MES). By collecting information on its own productivity and competitors, a young firm approaches the MES in the early years after firm formation (see Ericson and Pakes 1995 or Jovanovic 1982) . This theoretical concept assumes a neo-classical U-shaped average cost curve and implies that a firm will not grow larger than its MES in order to avoid increasing average costs. This concept is, however, inconsistent with longterm growth, this paper's actual intended focus. To explain long-term growth beyond the MES, we must assume imperfect competition, making the cost curve L-shaped. In this case, firm growth will only be restricted by the demand for the respective firm's product (see Hart 2000) .
In the empirical model firm size is measured by the logarithm of number of employees (sales) Similar to the arguments that relate size and growth, a negative correlation between firm age and growth is hypothesised. Young firms can realise high efficiency gains due to learning processes, which leads to higher growth rates (Ericson and Pakes 1995, Jovanovic 1982) . These efficiency gains decrease as firms become older. To test this hypothesis, I include the logarithm of firm age in 1997 (measured in years).
Investment in R&D is of major concern to technology-oriented firms. The growth-enhancing effect of R&D activities was already proven for the start-up periods of the firms in our sample by Bürgel et al. (2004) . R&D activities can be regarded as constituting an intangible asset that fosters firms' growth processes as argued by the resource based view of the firm. The latter theory (e.g., Penrose [1959] , Wernerfelt [1984] , or, in the context of firm growth Geroski [2000] ) regards a firm as an idiosyncratic bundle of assets (physical resources as well as intangible resources like know-how or experience). Since physical assets are relatively easily obtained or imitated, a firm differentiates from its rivals by the intangible resources it possesses or may create via R&D activities. However, R&D activities are not necessarily exogenous if a firm decides on the amount of R&D based on its growth prospects (see, e.g., Felder et al. 1994) . Furthermore, using R&D intensity (expenditures on R&D as percentage of total sales) as the exogenous variable is problematic, since we only know the firms' R&D intensity in 1997 and 2002. However, the firms' growth rates between 1997 and 2002 are certain to also have been affected by their interim R&D activities. Therefore, instead of R&D intensity I consider two dummy variables that indicate whether a firm is carrying out R&D on a permanent basis or occasionally. Firms with no R&D activities are used as the base category.
These variables were gathered by the two surveys in addition to R&D intensity. They better describe the firms' long-term R&D activities. Moreover, the problem of endogeneity is likely to be less severe for the two dummy variables than for R&D intensity. Since the dummy variable for occasional R&D activities turned out to be insignificant in the sales growth equation, it was excluded from the sales growth regression. 21 From a theoretical as well as an empirical point of view, human capital of firm managers is regarded as one of the most important factors influencing firm growth. It can be expected that higher levels of firm managers' human capital imply increased knowledge and capabilities with respect to organisation or financial and general management (see, e.g., Bates 1990 , Brüderl et al. 1998 ).
Since it is difficult to measure the abstract concept of human capital directly, firm managers were asked to indicate on a five point Likert scale whether they experienced a shortage of skills in different areas, among them marketing, logistics, and R&D. The econometric model will include two dummy variables that take the value 1 if the respective firm's managers experienced a "serious" (4) or a "very serious shortage" (5) in marketing or R&D. These two dummy variables are hypothesised to reduce firm growth.
The role of imperfect competition was already stressed in discussing the relationship between firm size and growth. The argument was made that imperfect competition enables firms to realize longterm growth. In interviewing the firms in our sample, we asked firm representatives to estimate the time a competitor would need to launch either a similar product with superior performance or a product with similar performance at a lower price. Bürgel et al. (2004) called this competition-free time period in which firms can realize temporary monopolistic rents the "window of opportunity".
It might be intuitive that a longer competition-free period leads to a higher growth rate. However, as Porter (1979) and Caves and Porter (1979) argued, firms that successfully occupy a narrow strategic segment do not need to exploit their competitive advantage and grow rapidly in order to survive in their chosen market segment. Slow growth is then compatible with a niche product strategy. Following Bürgel et al. (2004) , I include a dummy variable in the econometric growth equation that takes the value 1 if the estimated window of opportunity is one year or shorter.
Firms that face a short window of opportunity are forced to improve their products or to market new products or services. Thus, the age of the product may also be important for firms' growth (see Bürgel et al. 2004) . Firms with relatively old products are hypothesised to grow more slowly since their products are likely to be out-of-date. Especially in high-tech industries with short product life cycles, products rapidly change or become obsolete. 22 In the questionnaire, the firms' representatives were asked in which year the then currently best-selling product was first sold by the company. Using this information, I include the logarithm of the product's age in 2003 in the sales growth regression. I also tested this variable in the employment growth regression, but it turned out to be insignificant and is therefore neglected in the final specification.
The growth equation is completed by two industry dummy variables (for the engineering industry and other manufacturing industries including ICT-hardware and health and life sciences) and by a regional dummy variable taking the value 1 if the firm is located in Germany. In contrast to the productivity equation, I do not use a dummy variable for Eastern Germany because descriptive analyses reveal that there are only minor differences in firm growth between Western and Eastern
Germany, but significant differences between Germany and the UK.
Internationalisation Equation
A profit-maximizing firm will decide to internationalise if the benefits of exporting exceed the costs associated with international business activities. Potential benefits can be a result of an increased growth rate or improved labour productivity. Since the costs of international business activities cannot be observed directly, I formulate different hypotheses concerning the factors likely to influence a firm's decision regarding exporting. In order to identify the internationalisation equation, exogenous variables are needed that increase or reduce firms' (potential) costs of export activities, but that are independent of growth and labour productivity (see also the explanation of the econometric model in section 5). For example, R&D activities play an important role in the decision to internationalise. They generate assets by which a firm distinguishes itself from its rivals. These assets not only facilitate foreign market entry -they also support a long-term engagement in the international market (cf. Fryges 2004) . However, as shown in the previous subsections, R&D may also be decisive for long-term growth and above-average labour productivity. In fact, number of R&D employees is directly included in the labour productivity equation (1) as a production factor and (permanent) R&D activities are postulated to increase the respective firm's growth rate in equation (4). Therefore, R&D is not suitable to identify the internationalisation equation.
Using the same data set this paper is based on, I evaluated the impact of different variables proposed by theories of economics and international management on entry into and exit from the international market (see Fryges 2004) . Based on these results, the following explanatory variables are supposed to be independent of overall firm performance but can be expected to identify the internationalisation decision.
According to the internationalisation process model developed by Vahlne (1977, 1990 ) and the so-called stage models of internationalisation (e.g., Bilkey and Tesar 1977, Bilkey 1978) , international business activities are associated with uncertainty. Accordingly, a firm increases its international activities gradually, starting with no international activities and entering its first foreign market at a later stage of its life cycle. However, as an exclusion of the internationalisation process model, Johanson and Vahlne (1990) mentioned the possibility that knowledge necessary to reduce uncertainty about a foreign market can be acquired by employing an internationally experienced manager, enabling firms to take larger and faster steps in their internationalisation processes. Therefore, the firms in our sample were asked whether a member of their respective management team had work experience abroad or whether a manager was educated abroad before joining the company. The international experience of firm managers can also be regarded as an intangible asset that facilitates firms' international activities from a resource-based view of the firm (see, e.g., Wernerfelt 1984 and the explanations in the previous subsection).
Product characteristics may influence firm's internationalisation behaviour. High customisation requirements may act as a constraint to entering the foreign market since they involve close contacts to end-users, inducing high transaction costs prior to selling the product (cf. Williamson 1985 for a presentation of transaction cost economics). The questionnaire measures the degree of customisation on a five point Likert scale ranging from 1 "unimportant" to 5 "very important". For the econometric estimations, a dummy variable is used that takes the value 1 if the firm has classified the requirement of customisation as "important" (4) or "very important" (5).
Econometric Implementation
The relationship between labour productivity and internationalisation is implemented econometrically as a switching regression model with endogenous switching as described by Maddala (1983) .
This model allows a simultaneous estimation of probability of internationalisation and of the determinants of labour productivity. The model is given by three equations: two level (regime) equations for productivity, dependent on the respective firm's internationalisation status (INTS), and a binary selection equation that determines internationalisation status of the firm in question.
( )
The latent variable i I * determines a firm's internationalisation decision, where C i are the costs of international business activities per (non-R&D) employee and ν i is a normally distributed error term. The coefficient a measures the impact the gain in productivity due to international business activities has on the decision to internationalise. If a is equal to zero, the firm's export behaviour is independent of the productivity differential. The selection equation is estimated as a reduced form.
The parameter vector Z i includes both the production factors that explain labour productivity and the variables that both influence the costs C i of an international engagement and identify the selection equation. The error term (Maddala 1983, p. 284) . In the former case, labour productivity is independent of status of internationalisation. A possibly observed higher productivity for firms with international sales, then, is only a result of a superior endowment with firm-specific resources. 23
In principle, it is possible to formulate the growth equation in dependence of the internationalisation status, analogous to equation system (5). However, while evaluating the labour productivity equation only requires estimates of four parameters (three partial production elasticities and the integer measuring the parameter of production efficiency), the estimation of the heuristic growth equation is more demanding in that the parameter vector δ in equation (4) 24 Model (8) is also known as the treatment effects model (see Maddala 1983 or Greene 2000 . The model was estimated using the software package STATA, version 8 SE.
6 Descriptive Analysis Table 1 shows the share of firms with and without international sales in 2003. In both countries, more than two-thirds of the responding firms had international sales. Even the majority of firms from the service sector (mainly software firms) turned out to have international business activities, although the percentage of these firms with foreign sales is smaller than in any high-tech manufacturing sector. In the manufacturing industry, firms that belong to the sectors ICT-hardware, engineering, and health/life sciences export more often than other manufacturing firms. In the UK sample, all firms in the sectors ICT-hardware and health/life sciences are internationally active.
However, it should be mentioned that the number of observations in these two sectors is rather small. In Germany only 5 ICT-hardware firms (15 firms in health/life sciences) answered both surveys; in the UK there were 12 responding firms in the ICT-hardware sector (10 respondents in health/life sciences). 25 Interestingly, this significant difference between exporters and non-exporters with respect to R&D activities can only be observed based on the data of the second survey. Comparing R&D activities in 1997, i.e., at the time of the first survey, no significant difference in mean R&D intensity could be found. Both exporters and non-exporters spent about 15 % of their total sales on R&D. 29 Obviously, during the period between the two surveys, R&D activities became a distinctive characteristic by which an internationally oriented firm discriminates itself from its domestically focused competitors. 27 See section 2 and the literature quoted therein. 28 Remember that the number of R&D employees given in Table 2 is an estimate based on the assumption that all R&D employees indicated by the firms' representatives only work on R&D 50 % of their time. 29 Nevertheless, econometric analyses show that R&D intensity had a positive impact on probability to internationalise in 1997 (Bürgel et al. 2004 ). f t-test on the equality of means.
* 10 % level of significance; ** 5 % level of significance; *** 1 % level of significance.
Source: ZEW, University of Exeter, own calculations.
Descriptive statistics of the three chosen performance indicators that will be analysed econometrically (labour productivity, employment growth, sales growth) are also included in Table 2 . Similar to the other variables discussed above, mean labour productivity is higher for firms with international sales than for firms without exports. However, based on a t-test the difference is not significant. Regardless of whether or not a firm has international sales, it must ensure a certain level of productivity if it wants to survive. A firm without international business activities cannot afford to fall behind its internationally active competitors who (typically) also supply the domestic market.
Therefore, there are only relatively small differences between exporters and non-exporters with respect to labour productivity. Figure 1 shows kernel density estimations of the log-labour productivity for German and UK-based firms. Both density functions are quite similar, indicating a similar distribution of log-labour productivity among German and UK firms. The density function for German firms lies slightly to the right of the UK function, showing that German firms have, on average, a slightly higher log-labour productivity than UK firms. It should be noted, however, that labour productivity of Western German firms is significantly higher compared with UK-based firms, but labour productivity of Eastern German firms is smaller although not significantly according to a t-test.
The average number of employees of firms with international sales grew significantly faster in the period from 1997 to 2002 compared with firms without international business activities. Exporters could, on average, realise an annual employment growth rate of 7.7 %, whereas firms with only domestic sales grew by 2.2 % per year. Figure 1 depicts the estimated kernel densities of the logarithmic annualised employment growth rate. As in the case of log-labour productivity, the density functions for Germany and the UK are similar, but the estimated density of German firms lies slightly to the right or the UK function. The estimated kernel densities in Figure 1 also emphasize that a relatively high proportion of firms has a negative employment growth rate, i.e., the firms shrank since 1997. The share of firms with a negative growth rate is higher for the UK (25 %) than for Germany (18 %).
Similarly, the annualised sales growth rate between 1997 and 2002 is significantly higher for exporters (14.6 % per year) than for non-exporting firms (8.3 %). 30 The estimated kernel density functions of the logarithmic annualised sales growth rate in Figure 1 show, on average, higher growth rates for German firms compared with UK firms, but also a higher variance in the German sales growth rates. The share of firms with a negative sales growth rate is again higher for UK (18 %) than for German firms (12 %). To summarize, internationally active firms exhibit superior performance, measured by labour productivity, employment or sales growth, than firms with only domestic sales. Further, the performance of UK-based firms lags behind that of their German counterparts.
As is apparent, sales grew faster than number of employees. As a consequence, labour productivity was significantly higher in 2002 in comparison with 1997. This might be a result of the turbulent macroeconomic situation in high technology markets in the period from 1997 to 2002. In order to survive, firms had to improve their productivity, firstly, by employing a given number of workers more efficiently. Secondly, as shown by the descriptive analysis above, many firms dismissed workers and reduced their total number of employees. If they dismissed the least productive employees first, labour productivity would increase. Thirdly, firms may have substituted employees 30 In order to compute the annualised sales growth rate, discounted sales were used, discounted by producer price indices (PPI) for the 3-digit NACE code of the respective manufacturing sector in Germany or 4-digit NACE code of the corresponding manufacturing sector in the UK, as they are available online from the time series services of the Federal Statistical Office of Germany (https://www-genesis.destatis.de) and the Office for National Statistics in the UK (http://www.statistics.gov.uk). Since the PPI of the 4-digit NACE code 30.02 (manufacturing of computers) was the only time series where hedonic pricing methods were applied by the UK Office for National Statistics, I also used the PPI of the corresponding German sector for the UK firms in order to avoid varying methods of PPI determination. Sales of software and service firms were discounted using the implied deflator of gross value added of the 2-digit NACE code as available from the German Federal Statistical Office. Since comparable data were not available for the UK, I also used the German deflators for the UK-based software and service firms.
by other production factors, e.g., capital or (imported) intermediate products. Thus, one unit of output can then be produced by a smaller number of employees. 31
Comparing the annualised growth rates in the period from 1997 to 2002 with the corresponding growth rates from start-up to 1997, both the employment and sales growth rates have fallen significantly on average. This observation is in accordance with the theoretical considerations that older firms are expected to growth slower (see section 4). As Table 2 shows, in 2002 the firms of our sample are an average of about 11 years old. Whether firm age is also suitable to explain varying growth rates during the period from 1997 to 2002 is questionable and will be tested in the next section, when the firms of our sample are all examined at a later stage of their development.
Empirical Results

Labour Productivity and Internationalisation
The estimation results for the productivity equations with and without international sales are given in Table 3 . In the regime with exports, the coefficients of both capital intensity and intensity of R&D employees are significant. The coefficient of number of non-R&D employees does not differ significantly from zero, indicating that constant returns to scale cannot be rejected. The implied point estimate of the partial production elasticity of labour is 0.676.
The dummy variable for "other manufacturing industries" is positive and significant. Compared to engineering firms and the base category, software and services, other manufacturing firms exhibit higher labour productivity in the regime with international sales. In accordance with descriptive results, East German firms manifest significantly lower levels of labour productivity than their West German and UK rivals. Although this finding is in line with macroeconomic data, it might be nevertheless surprising, considering that we are examining firms that export and operate in a hightech industry. East German firms with these characteristics should be able to realise world market prices and rents, allowing them to keep up with West German and UK firms. Note, however, that labour productivity is defined as sales per non-R&D employee. Because wages are lower in Eastern Germany (at least for non-R&D employees), firms might have substituted, for example, the production factor capital by non-R&D labour, leading statistically to a lower value of productivity. The three dummy variables controlling for sectoral and regional differences are not significant in the regime without international sales. As already mentioned in section 5, the number of observations is relatively small in this regime (only 35 for the final specification reported here). Whereas the estimations of the production function's parameters lead to plausible results, it appears to be impossible to determine empirically differences between industries and locations since there are only 5 engineering firms and 8 firms sited in Eastern Germany that belong to the regime of nonexporting firms.
The integer in the productivity equation measures the parameter of efficiency A of the CobbDouglas production function. The point estimate of the efficiency parameter is smaller in the regime without international sales, indicating, ceteris paribus, that the isoquants of the production function of non-exporting firms lie closer to the origin. The difference is, however, not significant.
Decisive for the causal relationship between productivity and internationalisation are the estimations of the two correlation coefficients ρ between the residuals of the regime equations and the internationalisation equation. As can be seen in Table 3 , the two correlation coefficients are neither individually nor jointly significantly different from zero. Thus, the labour productivity equations are independent of the internationalisation equation. In other words, differences in labour productivity cannot be explained by export market participation, but are a result of a varying endowment with production factors, especially R&D, and of the distinct shape of the production function. This finding contradicts the results of Bürgel et al. (2004) , who examined the same firm sample at an early stage of the firms' life cycles and found that internationalisation improves labour productivity. Hence, internationalisation may increase productivity during early stages of firm development.
After firms have become established in the market and have reached a "mature" stage of their life cycles, the positive effect of internationalisation disappears. Table 4 depicts the estimation results of the switching regression model for the selection, i.e., the internationalisation equation. In order to identify the selection equation, three variables were included that are supposed to be independent of labour productivity, but that determine the firms' internationalisation decisions. The international experience that the firms' managers acquired before entering their respective firms facilitates international business activities: If one member of the management team has previous work experience abroad or was educated abroad, his firm will be more likely to have international sales. This result supports Johanson and Vahlne (1990) , who stated that an internationally experienced management team can overcome the uncertainty present in foreign markets, and the resource-based view of the firm that regards international experience as an intangible asset that differentiates firms from their competitors. Further, intense product cus-tomisation is a barrier to international business activities. If a firm has to consider the special needs of each customer, this increases the costs of international engagement. These findings are completely in accordance with my previous results, when analysing empirically the determinants of foreign market entry and exit for the firms in our sample (cf. Fryges 2004) . The entire set of identifying variables is jointly significant, although only on the 10 % level. 32 Excluding capital intensity, the production factors enter the selection equation significantly. Intensity of R&D employees as well as number of non-R&D employees are positively correlated with foreign market participation. Thus, the strategic role of R&D for the internationalisation behaviour of (small) technology-oriented firms is highlighted by the model. R&D activities can be expected to create assets within the firm that are difficult for the firm's rivals to imitate and thus ease the internationalisation process as predicted by the resource-based view of the firm. Firm size, measured by number of non-R&D employees, also increases probability of being an exporter. As Johanson and Vahlne (1990) stated, larger firms possess more resources that facilitate international business activities. Finally, engineering firms are significantly more likely to have international sales compared with the other manufacturing and service sectors and there are no region-specific factors influencing the export decisions of Eastern German firms.
The variables determining labour productivity are obviously also relevant for the decision to export. Since the selection equation is estimated as a reduced form, the parameter a in the selection equation of equation system (5) that indicates whether the productivity differential between the regimes with and without international sales has an effect on the internationalisation decision is not estimated directly. However, because the coefficients of the variables of the productivity equations are individually and jointly significant, it can be concluded that the decision on export market participation is influenced by labour productivity in the sense that more productive firms are (or will become) exporters. Thus, this paper confirms the findings of many other studies (see section 2): The higher labour productivity of firms with international sales is a result of selfselection into the foreign market. the most important motive. Since the amortisation of R&D costs is often only possible through fast company growth, this can also be regarded as a sales-oriented motive. Hence, sales and growthrelated motivations are far more important than productivity or cost-related aspects. 34 Considering our estimation results, firm representatives do well not to expect too much from potential learning effects -at least in the long run. Whether their expectations with respect to growth effects of internationalisation are justified in the long run will be examined in the next subsection.
Growth and Internationalisation
The estimation results of the employment growth and the sales growth models are displayed in Tables 5 and 6 , respectively. The upper part contains the results of the heuristic growth equations, the lower shows the estimations for the internationalisation equations.
In contrast to Gibrat's law, employment growth rate decreases with number of employees, measured at the beginning of the growth period 1997. Like other empirical studies, for example, by Evans (1987a) or Almus et al. (1999) , I find a non-linear, convex relationship between firm size and employment growth, indicated by the negative sign of the squared number of employees. It is, however, questionable whether the observed negative relationship between firm size and growth can be explained by firms approaching their minimum efficient scale (MES). On the one hand, there is indeed a number of firms that were founded only a few years before the onset of the regarded growth period. 35 For these firms it is plausible to assume growth processes in order to reach their MES. On the other hand, our sample includes firms that were ten years old in 1997. It can be expected that the latter firms had already arrived at their MES by 1997, making the negative relationship between number of employees in 1997 and employment growth unattributable to the firms' grow processes before reaching their MES. Further, we observe many firms that shrank during the growth period. For those firms the negative sign of the coefficient of number of employees means that the smaller the firm is, the slower it shrinks. Small firms that survive can only reduce their number of employees by a limited amount. Large firms can and often have had to reduce their number of employees significantly, probably because of decreasing demand following the high-tech market downturn in 2000.
34 Even reputation effects of being an internationally active firm are more important than expected learning effects. 15 % of the firms indicated their hope of an improved reputation as their most important motive. 35 Remember that our sample contains firms that were founded between 1987 and 1996, inclusive. The regarded growth period starts in the year of the first survey (i.e., 1997). In the sales growth equation, the coefficient of the amount of sales at the beginning of the growth period has the expected negative sign. Similarly, the coefficient of the squared sales in 1997 is positive as predicted by theory. However, neither previous sales nor squared previous sales are Firms with a window of opportunity that lasts 12 months or shorter do not distinguish themselves significantly from firms with larger such periods. Interestingly, when analysing the firms in our sample during the growth period between start-up and 1997, dummy variables indicating a large window of opportunity significantly reduced (employment) growth rates (see Bürgel et al. 2004 ).
Probably, in the 1990s firms could afford to grow more slowly, under today's difficult market conditions, however, firms must fully exploit competitive advantages in order to maintain market position, even if they were potentially able to profit from a relatively long competition-free period.
As hypothesised, the age of a firm's best selling product negatively affects its sales growth rate, although the coefficient is only significant on the 10 % level and insignificant in the employment growth equation (and therefore not included in the final specification of the employment growth model). Firms with older and possibly out-of-date products exhibit smaller sales growth rates than firms that generate a higher share of sales with more recently developed products.
Industry-specific differences are of minor importance after controlling for the factors discussed above. Similarly, in accordance with the descriptive results depicted in Figure 1 , the dummy variable for German firms is positive but insignificant. Obviously, their are no structural differences between German and UK firms additional to those covered by the variables included in the growth equations.
International sales do not affect employment or sales growth significantly. Furthermore, the estimated correlation coefficients ρ between the residuals of the growth equation and the internationalisation equation are also not significantly different from zero, making the employment growth and sales growth equations each statistically independent of the respective internationalisation equation. As in the case of labour productivity and in contrast to the expectations of the firms' managers, internationalisation does not improve firm performance (measured by employment or sales growth).
The set of identifying variables in the internationalisation equation is jointly significant. Further, the estimation results for the individual variables are similar to the labour productivity model:
Firm managers' work experience abroad increases the probability of their companies being exporters, whereas high product customisation is a barrier to entry into the foreign market. 36 37 36 In contrast to the estimation results for the labour productivity model, the dummy variable indicating whether a firm manager was educated abroad is not significant in the growth models. It is difficult to interpret why this single variable is significant in the selection equation of the labour productivity model but insignificant in that of the growth models. However, since there are two variables measuring specific human capital that facilitates international business activities and at least one dummy variable is significant, the two dummy variables should be interpreted together as reflecting one dimension of specific human capital.
The variables of the growth equation are jointly significant in the corresponding internationalisation equation, thus showing that the variables determining growth also affect the internationalisation decision. A bit surprisingly, neither number of employees nor amount of sales is significant in the estimated reduced form of the selection equation. In most other studies, in which a measure of firm size is regressed on probability of having international sales, the coefficient of firm size is positive and significant. Our findings may be due to the fact that number of employees and amount of sales at the beginning of the growth period were included in the selection equation, while the endogenous variable is the firms' participation in the foreign market in 2003. Current firm size is intended to approximate the firms' current resources and thereby expected to be positively correlated with their current export activities. During a six-year period, however, firms vary in size.
Firms' dimensions at the beginning of the growth period might be very different form their size at its end. Hence, there may not be a positive correlation between lagged firm size and current export activities. It is also surprisingly that the dummy variable indicating a short window of opportunity becomes significant in the selection equation of the employment growth model. I cannot currently offer a convincing interpretation of this effect. The higher probability of manufacturing firms being exporters, however, is plausible and in line with the descriptive analysis in Table 1 .
The estimation results of the internationalisation equation emphasize in particular the crucial role of R&D activities. On the one hand, R&D activities increase the probability of exporting, on the other, they enhance employment and sales growth. This means that good firms -or, to be more precise, more innovative firms -become exporters. After considering the self-selection of the more innovative firms into the foreign market, internationalisation has no marginal effect on firm growth.
Conclusion
This paper examines the relationship between three indicators of firm performance (labour productivity, employment growth, and sales growth) and the export behaviour of a sample of young, small, technology-oriented firms in Germany and the UK founded in the period 1987-1996. These firms were contacted by two surveys, which were conducted in 1997 and 2003. Examining the firms in our sample during an early stage of their life cycles (from start-up to 1997), Bürgel et al. (2004) showed that international business activities improved the firms' labour productivity and increased sales growth rates, but did not affect employment growth. The positive effect of internationalisation on firm performance contradicts to many other empirical studies which concluded that causality runs from firm performance to internationalisation and not vice versa. Thus, the question arises whether the results of Bürgel et al. will hold true if the firms are analysed at a later, more "mature" stage of their life cycles, or if the performance-improving effect of internationalisation is only a phenomenon prevalent during early stages of the firms' development.
My results are quite straightforward: Good firms are or will become exporters. The better performance of firms with international sales is, therefore, a result of self-selection of firms with superior performance into the international market. Technology-oriented firms in Germany and the UK behave exactly like the firms of most other samples studied so far. Only during early stages of the firms' life cycles does the relationship between internationalisation and performance seem to be different. It is possible that learning effects which may increase the firms' productivity are more relevant during early stages of firm development. However, when considering a later stage of the firms' life cycles, the productivity-increasing effect disappears.
R&D activities play a crucial role in both the productivity and growth models as well as for the firms' (long-term) internationalisation behaviour. Firstly, the mean R&D intensity of firms in the regime without international sales decreased significantly between the first and the second survey, whereas firms with international sales maintained a high level of R&D activities. Secondly, R&D activities improve labour productivity as well as employment and sales growth. Number of R&D employees constitutes a production factor in the Cobb-Douglas production function. For firms with international sales, number of R&D employees has a productivity-increasing effect. On the other hand, in the regime of non-exporting firms, where more than half of the firms do not carry out any R&D activities, the effect of R&D employees as a production factor can almost be neglected. In this regime, the estimated partial production elasticity is not significantly different from zero.
Moreover, (permanent) R&D activities boost the firms' growth rates when estimating a joint growth equation for both exporting and non-exporting firms. Finally, the more intensive a firm's R&D activities, the higher its probability of internationalisation. After controlling for R&D, there is no partial effect of internationalisation on firm performance. Hence, we can reformulate the above statement in the sense that more innovative firms self-select into the foreign market. By investing in R&D, firms create intangible assets that improve their growth prospects, increase labour productivity, and facilitate international business activities with respect to both foreign market entry and long-term engagements in the international market (cf. Fryges 2004) .
However, the question remains: Why do firms actually enter the foreign market? What are the benefits of international engagement? Arguing that good or more innovative firms become exporters is only a necessary condition for international business activities: Only firms that are endowed with (intangible) firm-specific assets, primarily created by their intensive R&D activities, are able to bear the additional costs of international engagement. But this argumentation does not constitute a sufficient condition. All theoretic models of individual firms' foreign market participation -for example, the dynamic model formulated by Roberts and Tybout (1997) -state that a firm will enter the international market if the (expected) benefits of such an engagement are positive. However, like many other studies this paper does not ascertain any long-term benefits. A productivityincreasing effect of exporting is apparent only during early stages of young technology-oriented firms' life cycles and disappears when firms become older. Similarly, the positive influence internationalisation has on sales growth that was found in the firms' start-up periods also vanishes when the firms mature. Admittedly, the latter effects may be extremely important for newly founded technology-based firms as a means of establishing themselves on the market. Besides these early-stage effects, however, there seems to be no long-term benefits. The sufficient condition for international engagement is not met in the long run.
Additionally, the results contradict assumptions regarding profit-maximizing firms. The econometric results suggest that high labour productivity and long-term growth might be realised by a firm with only domestic sales -provided that the firm invests intensively in R&D or other firm-specific assets. If we considered the additional costs of international engagement, exporting firms would not behave rationally because they could realise high levels of performance at a lower cost. However, our findings should not be interpreted to suggest that firms with international sales do not behave rationally. Firstly, the observed self-selection of more innovative firms might be a result of forward-looking behaviour (see Wagner 1997, or Bernard and Jensen 1999) . If firms expect that they can realise long-term growth only through an expansion to the foreign market, they will invest in R&D in order to generate the necessary assets before becoming internationally active. In this case, we observe intensive R&D activities in a continuously growing firm with international sales. Statistically, this observation is consistent with a causality running from superior performance -due to a better endowment with firm-specific assets -to higher probability of international engagement. Secondly, in this paper only direct effects of international business activities on the performance of exporting firms are considered. Under circumstances involving regional spillover effects, non-exporting firms might also profit from other firms' exporting activities such that international business activities have a productivity-increasing effect on both export-ing and non-exporting companies. 38 If spillover effects exist, it will be difficult to measure productivity differences as a result of international engagement. Thus, we must be cautious when interpreting the econometric results of this and other studies. It is econometrically apparent that firms with superior performance self-select into the foreign market. The question of whether and how firms benefit from international engagement, however, remains unanswered.
38 For a discussion on spillover effects of export activities see Aitken et al. (1997) . Sales growth rates were computed using discounted sales.
Labour productivity: sales in € 1,000 per non-R&D employee.
Source: ZEW, University of Exeter, own estimation. Note: Firms with international sales in 1997. Only firms that participated in both surveys were considered.
Some firms indicated more than one motive as most or least important.
Source: ZEW, London Business School.
